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ABSTRACT

Measurements and classifications recorded
at 24,775 Forest Survey plots established
randomly throughout the Southeast comprise
a vast source of information on timber
stand development. Empirical yield tables
developed from this source are reported for
major forest types in the Region. These
tables also serve as guides to yields of for-
est biomass by tree size and species groups.
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Introduction

This Paper contains yield tables that show
stand structure and development on Forest
Survey plots in major forest types in the
Southeastern States of Florida, Georgia,
North Carolina, South Carolina, and Vir-
ginia. These yield tables were developed
empirically from the average conditions
observed on selected plots. In selecting the
samples for construction of these yield
tables, we screened measurements and class-
ifications recorded at 24,775 Forest Survey
plots established randomly throughout the
Region. Only plots in timber stands classed
as fully stocked by Forest Survey standards
were used. The average yields shown repre-
sent a broader range of stocking and sites
than is conventionally used in constructing
yield tables, but they are reasonable guides
to proven stand performance. These tables
fill many of the voids in existing informa-
tion on timber yields in the Southeast. In
addition, they include the first comprehen-

sive guides to yields in the Region expressed
in terms of forest biamass.

Methods

Any good sample plot data may be used in
the construction of empirical yield tables
(Spurr 1952). Yield table construction
requires an adequate sample from a specific
forest type within the area or region to be
served by the table. In general, stands are
suitable for sampling when there are no
recognizable factors measurably affecting
growth other than those being evaluated:
age, site, and stand density (Bennett 1966).
Since the purpose of a yield table is to esti-
mate productive potential rather than pro-
duction based purely on stand history, the
ideal method is to periodically measure
carefully selected stands over the span of
their development. This method is a slow,
meticulous process that discourages yield
table construction. We have attempted to
use Forest Survey sample plots in the South-
east to shortcut the conventional method
without violating acceptable standards.

In recent years, several mensurationists
and resource analysts have probed the use
of Forest Survey data to construct empirical
yield tables (Cost and McClure 1982; Essex
and Hahn 1976; Hahn and Raile 1982; Knight
1978; Knight and McClure 1981; Knight and
Sheffield 1980). Although Forest Survey
plots are neither designed nor intended for
this purpose, they comprise a vast source of
information on stand development across the
full range of forest sites and conditions.
Over the years, Forest Survey in the South-
east altered its procedures to accommodate
this kind of use.




Field guides document the establishment
and measurement of the Forest Survey sam-
ples plots used in this study. A copy of
"Field Instructions for the Southeast, 1982"
" is available upon request. These field in-
structions also define the forest types
included in this Paper.

Stand Age

Stand age is one of the key data elements
required for sample plots used to construct
yield tables. Prior to 1963, Forest Survey
in the Southeast did not collect stand age
on its sample plots. Instead, it used stand-
size classes--seedling-sapling, poletimber,
and sawtimber--to monitor and describe
stand development. Although Forest Survey
added stand age in 1963, it was applied and
recorded in 10-year classes. Furthermore,
the 10-point-cluster sample plot used at the
time was allowed to straddle two or more
distinet stands.

Forest Survey in the Southeast corrected
both of these deficiencies in 1973 at the
start of the fourth inventory of North Caro-
lina (Knight and MeClure 1975). Since then,
to the extent possible, stand age has been
determined to the nearest year and the eclus-
ter sample plot has been confined to a
single stand as identified by point 1. These
changes opened up the opportunity to use
Forest Survey plots in the Southeast to con-
struct empirical yield tables.

Generally, timber stands in the Region
are even-aged. Although many of the stands
have been high-graded from time to time,
there is very little true selection cutting
practiced in the Region. The origin of most
stands can be traced to regeneration follow-
ing a final harvest, some natural disturb-
ance, or the reversion of agricultural land
to forest. Although the stands are perceived
and described as even-aged, many of the
young stands contain a scattering of older,
residual trees from a former stand and some
of the older stands contain significant num-
bers of understory trees and pockets of ad-
vance reproduction. Crews record the age
of the most prevalent stand. The stand age
specified in these yield tables is the mid-
point of a 5-year class. For example, the
10-year age class includes stands 8 through
12 years of age.

Site

Site is another key factor affecting tim-
ber yields. Forest Survey uses the height
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and age of a dominant tree, representative
of the prevalent species in a stand, as an
indicator of potential timber yield. Forest
Survey groups these sites into productivity
classes, expressed in cubic feet of growth
per acre, for fully stocked natural stands
at culmination of mean annual increment.
Each of these site classes spans a wide
range of site indexes. In this Paper, high
sites include all sites capable of growing
85 cubic feet or more per acre; medium
sites, 50 to 85 cubic feet; and low sites,
20 to 50 cubic feet. Where a comparative
range of site indexes is indicated, height at
age 50 is the base for both planted and
natural stands.

In this Paper, the yield tables are for
high sites, medium sites, or all sites. Low
sites account for less than 20 percent of
the commercial forest land in the Region,
and fully stocked stands occupy only a por-
tion of these low sites. For most forest
types, the sample of fully stocked stands
on low sites is too small to consturct yield
tables.

Density

Density is another critical variable in
empirical yield tables. In this Paper, the
yield tables represent fully stocked stands
measured against the Forest Survey stocking
standard applied in the Region. This stock-
ing standard is summarized below and is
also included in each of the conventional
Resource Bulletins (Tansey 1983).

In the measurement and classification of
the sample plots, crews tallied overtopped
trees but these trees were not permitted to

Stocking Standard

. Minimum number | Minimum basal

BiZ;:. of trees per ; area (ft2) per
(inches) : 2°T€ for full  acre for full
stocking stocking
Seedling 600 L
2 560 —
4 460 —
6 340 67
8 240 84
10 155 85
12 115 90
14 90 96
16 72 101
18 60 106
20 51 111




contribute to stoeking. In sereening out the
plots used to construct these yield tables,
the authors did not permit seedlings to con-
tribute to the required stocking in stands
18 years or older. Saplings in the interme-
diate crown class were not permitted to
contribute to the stocking requirement in
any stand. In pine forest types, the stoek-
ing requirement had to be satisfied by
yellow pine species. In hardwood types, all
species were allowed to contribute to the
stocking requirement. For all types, the
stocking requirement had to be satisfied
with growing stock; the stocking of rough
and rotten trees was excluded.

Merchantability Standards

By precisely defining our merchantability
standards, we hope to avoid a weakness
common in many existing yield tables. In
our tables, all volumes expressed in cubic
feet are solid wood; they exelude bark and
all rotten and missing wood detected in the
trees. The total aboveground volume includes
all solid wood above the ground line in all
live trees 1.0 inch in diameter and larger
at breast height (d.b.h.), excluding the
volume in twigs and lateral limbs smaller
than 0.5 inch in diameter.

Volume of growing stock is the solid wood
in the central stem and forks of all growing-
stock trees 5.0 inches d.b.h. and larger
from a 1-foot stump to a minimum 4.0-inch
top diameter outside bark (d.o.b.). Growing-
stock trees are live trees of commercial
species that meet specified standards for
sawtimber or will likely meet such standards
when they reach minimum sawtimber size--
9.0 inches d.b.h. for softwoods and 11.0
inches d.b.h. for hardwoods. Volume in the
sawlog portion of sawtimber trees is the
solid wood from a 1-foot stump to a mini-
mum 7.0-inch top d.o.b. for softwoods and
a minimum 9.0-inch top d.o.b. for hard-
woods. This sawtimber volume is expressed
in net board feet, based on the Interna-
tional 1/4-inch log rule. The technique used
to measure standing trees for developing
volume-prediction equations for tree species
in the Southeast is documented and available
upon request (Cost 1978).

In these tables, we define forest biomass
as the green weight of aboveground wood
and bark (excluding foliage) in all live
trees 1.0 inch d.b.h. and larger. Foliage
includes leaves, needles, buds, fruit, twigs,
and lateral limbs smaller than 0.5 inch in

diameter. Studies by the Utilization of
Southern Timber Research Work Unit at the
Forestry Sciences Laboratory in Athens,
Ga., provided the vital linkage between
volume and weight (Clark 1979; MecClure and
others 1981; Saucier 1979).

Screening

To construct these empirical yield tables,
we developed special summary records for
each of the 24,775 sample plots on commer-
cial forests in the Southeast. These plot
summaries include 20 screening variables,
ranging from location to stocking. Next, we
wrote a special computer program for
sereening and compiling these plot summaries
into specified groupings. This computer
program selects or excludes individual plot
records using any specified combination of
the 20 screening variables. The tables in
this Paper are part of the output from the
computer program.

Discussion

We tried to validate the empirical yield
tables developed from Forest Survey plot
data by comparing them with other published
information on yields. We reviewed numerous
yield table studies and carefully examined
the procedures used and the published re-
sults. In most cases, valid comparisons were
impossible because of significant differences
either in the procedures used or in the way
the results were presented.

We established the following criteria for
selecting an existing yield table for compari-
son: (1) the table should be based on a large
sample of a well-defined forest condition
over a broad geographic area, (2) the inde-
pendent variables used in the table should be
age, site, and stocking, (3) one or more of
the units of measure should be comparable,
and (4) the merchantability standards should
be essentially the same as ours. With these
criteria, the choice boiled down to the
tables published by Schumacher and Coile
(1960). From the host of yellow pine species
contained in the Schumacher and Coile publi-
cation, we selected loblolly pine because it
had the widest geographic range and a sam-
ple of 420 plots.

Although a few differences exist between
the two data sets, these differences are
small and could easily compensate for one
another. For example, Schumacher and
Coile estimated the cubic-foot volume of the
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entire tree stem (inside bark) based on the
height of dominant stand and 1.0-inch
diameter classes. We computed the total
aboveground cubic volume of sample trees
individually using total height and actual
d.b.h. Another minor difference between the
two data sets involves the selection of the
sample plots. Schumacher and Coile purposely
selected even-aged stands judged to be well
stocked, undisturbed by past cutting, and
representative of a homogeneous site. The
Forest Survey sample differs in that all plots
used in a specific yield table were selected
from the regionwide summary records by
sequentially sereening each plot through spe-
cific type, site, age, and stocking criteria.
Table 1 compares our results with those of
Schumacher and Coile for natural loblolly
pine stands in the Coastal Plain of the
Southeast. From Schumacher and Coile, the
cubie volume for the entire stand (inside
bark, stump to tip) for site index 70 was
compared with Forest Survey's total above-
ground volume of southern yellow pine. Since
the yields published by Schumacher and Coile

apparently excluded all hardwood volume
encountered on the sample plots, any hard-
wood volume was excluded from the Forest
Survey yields for the comparison. Since 100
percent or more stocking of southern yellow
pine was required in the Forest Survey sam-
ples, any hardwood volume would likely be
in small trees of tolerant species in the
understory.

In the comparison, we first plotted the
Schumacher and Coile yields for site index
70 over stand age and drew a freehand curve
through the plotted points to establish a
reference curve between 5 and 85 years of
age. Next, we plotted the Forest Survey
yields averaged by 5-year age classes and
noted the number of samples in each average.
Displayed in this manner (fig. 1), it is
obvious the Schumacher and Coile curve is
well within the central area of the plotted
points throughout the range of the data.

This comparison leads the authors to con-
clude that Forest Survey data compare favor-
ably with the highly respected yields devel-
oped by Schumacher and Coile. Since the

Table l.--Comparison of yields for well-stocked, natural stands of loblolly pine
on medium sites? in the coastal plain of the Southeast

.
.

: Forest Survey (total aboveground)
Stand Schumacher . - Number
, age | and Coile X Yellow ; All species . of
years) . (entire stand) | : - plots
i POPINES  yolume Standard error
—————————— Cubic feet per acre — - - - - = = = - -
5 - 77 78 40 13
10 — 717 773 155 10
15 - 1,254 1,479 137 20
20 1,690 1,694 2,014 83 40
25 - 2,311 2,636 128 25
30 2,540 2,452 2,795 82 43
35 - 2,659 3,160 153 30
40 3,100 2,714 3,148 139 29
45 - 3,018 3,361 102 22
50 3,460 3,636 4,227 181 14
55 - 3,270 3,643 264 6
60 3,720 3,367 3,966 451 5
65 - 5,351 6,286 - 1
70 3,910 4,060 4,682 - 1
75 - 3,591 4,079 205 3
80 4,050 2,763 3,074 247 3
85 — 4,295 5,754 - 1

8Schumacher and Coile, Site Index 70;
Index 60-78).

Forest Survey, Site Class 4 (Site




other empirical yields presented in this entire series should compare favorably when
Paper were developed by using methods simi- fairly tested against the results of other,
lar to those used for loblolly pine, the good yield studies.

SCHUMACHER 8 COILE (SI 70) o

5 | o o o FOREST SURVEY, MEDIUM SITES —
(S1 60-78)
(PLOTTING POINTS 8 NUMBER OF SAMPLES)

M CUBIC FEET PER ACRE

°l10

NN T T T D D T T T T O B

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
STAND AGE (YEARS)

Figure |.--Yields for fully stocked natural loblolly stands on medium sites
in the Coastal Plain of the Southeast.
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Yield Tables for Fully Stocked Stands

Tables la, 2a, 3a, ...... . 34a show the
average empirical yields of timber expressed
in numbers of trees, basal area, and volumes
per acre for fully stocked stands for speci-
fie timber types, sites, and regions, by
5-year age classes.

Table 1b, 2b, 3b, ....... 34b are com-
panion tables which show the average empiri-
cal yields of forest biomass expressed in
green tons per acre, by tree size and spe-
cies group.
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for fully stocked stands

1Lomass

1ds of forest bi
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Table 34b.-—Average emp

Region: Southeast

All sites

Site

Type: Oak-gum~cypress

Species group

D.b.h. class (inches)

Standard :

.
.
.
.

Hard
hardwood

ae se ee

Oaks

es 8o we

Soft
hardwood

es s es

Gums

ee ee oo

Other
softwood

s as

.
.

Yellow
pines

.
.
.
.
.
.

0+

17

ss ss e»

se se oo

5.

“s os ee

error

°s o8 se

- - - - - - -=-~=---=---~= -~ ~(Creen tONS per acre — — = = = = = = = = = — — — — — - — - - -

es s se

0.8

0.6
4.5

3.5
9.7
13.6

7.4
17.2

0.6

1.5
3.9
4.0

2.3
9.6
31.8

10 14.3 4.6
15

20
25

1.9
22.7

3.1
14.4

7.2
6.6
6.7
4.8

37.6

1.8
4.6

2.3
8.7
10.2

25.0

3.9

17.4

67.6

23.7
29.9

39.4

16.8

7.9
5.0
7.4

4.8
4.9

8.8
9.4

14.6

34.6

64.8

98.3
111.9

48.0

14.1

48.5 22.7

84.3
101.9

30
35

5.6
805
8.1

32.5 11.9
11.4

46.1

16.9

33.9

68.2

3.6
4.1

120.3

9.8
23.0

56.4 30.8

22.9

84.0 46.4 22.3

117.0

133.3
137.5
145.7

40

58.2 24.3

19.0

91.7 52.6 22.8

100.8

123.2

4.3
3.5

4.2

45

26.5 6.2 23.0 58.6 30.3 16.2
4.7

58.8

131.3

50
55

61.7 23.3 15.0 11.5

26.3

27.2
34.5

100.4  61.9

128.8

142.4

64.0 27.9 21.9 10.9

30.2

643
3.3
3.5
2.6

119.2 74.6

124.3

4.0 148.7

161.1

60
65

62.7 23.0 24.6 13.1

37.8

41.0

82.5

153.5
165.3
164.1

5.2
6.4

8.0

164.5

74.7 22.1 17.8 18.8

40.8
38.1

94.8 49.4

138.5

177.6
177.0

70

24.3 15.5 16.0

80.4

95.4 53.2

137.5

75
80

9.9

3.5 40.5 79.0 23.6 18.1

162.9 138.4 99.8 60.9

7.4

174.4

75
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